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* Volume  scattering  strengths  at  selected  frequencies  from  3.  85  to  15.  50  kHz, 
determined  from  OceanAcre  measurements  in  June  1972,  are  described  in  terms  of 
diurnal  variations,  daily  variability,  frequency  characteristics,  and  seasonal  trends. 
Day-night  comparisons  of  profiles  at  13.  50  and  15.  50  kHz  showed  a maximum  increase 
in  scattering  strength  of  35  dB  in  the  depth  rai^e  from  120  to  330  m and  of  15  dB  above 
120  m.  Integrated  scattering  strengths  varied  with  depth  by  as  much  as  15  dB,  whereas 
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total-column  strengths  at  night  were  only  3 to  4 dB  above  daytime  levels.  Because  of 
this  small  difference,  the  latter  result  is  considered  inadequate  in  describing  the  large 
diurnal  variations  associated  with  the  vertical  migration  of  scatterers.  Unlike  earlier 
results,  night-to-night  variability  of  scattering  strength  during  the  stable  period  was  as 
large  as  10  dB  for  all  of  the  frequencies  over  most  of  the  water  colunms.  At  all  of  the 
frequencies,  nighttime  scattering  strengths  peaked  within  120  m of  the  surface.  At  13.  50 
and  15.  50  kHz,  additional  contributions  occurred  in  the  depth  interval  from  250  to  550  m. 
The  spectra  of  total-column  strengths  exhibited  a broad  resonance  centered  about  9.  00 
kHz  which  was  unlike  the  low-  and  high-frequency  resonances  found  in  earlier  studies. 
Scattering  strength  at  3,  85  kHz  experienced  an  increase  from  spring  to  siunmer,  al- 
though the  amounts  were  not  the  same  in  two  different  years.  An  inverse  trend  was 
noted  in  the  15.  50-kHz  data.  Statistical  tests  of  means  and  /Suivalence  of  distribu- 
tions supported  the  argument  that  variations  among  profiles  fr\)m  different  seasons 
or  years  were  significantly  greater  than  those  among  the  day-t^day  profiles. 
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ACOUSTIC  VOLUME  SCATTERING 
AT  THE  BERMUDA  OCEAN  ACRE  SITE 
(CRUISE  14  AND  RELATED  EARLIER  STUDIES) 


INTRODUCTION 


Biologically  caused  volume  reverberation  continues  to 
be  a major  source  of  interference  in  the  performance  of 
present-day  active  ASW  sonar  systems.  The  ability  of  living 
organisms  to  scatter  acoustic  energy  can  cause  masking  of  ] 

the  echo  signal  of  a submarine  target  so  that  the  target  is 
completely  obscured  by  the  background  reverberation  level. 

The  primary  mechanism  producing  this  phenomenon  is  recog- 
nized as  the  damped  resonant  oscillations  by  which  the  gas- 
filled  swim  bladders  of  certain  fishes  respond  to  the  acous- 
tic excitation.  These  fishes  inhabit  most  ocean  areas  and 
form  sound-scattering  layers  (SSL).^ 

Composition  and  behavior  of  the  SSL  have  been  the  sub- 
ject of  numerous  studies  by  both  military  and  civilian 
institutions.  Our  knowledge  of  the  geographical,  seasonal, 
and  diurnal  variation  and  the  frequency  and  epth  dependence 
of  volume  scattering  have  been  derived  expeixmentally  from 
acoustic  as  well  as  biological  measurement  programs 3 , 4 

One  of  the  most  systematic  and  comprehensive  investi- 
gations into  the  biological  nature  and  composition  of  the 
SSL  and  their  acoustic  characteristics  has  been  the  Ocean 
Acre  Program, 6 a seasonally  repeated  study  concentrating 
OP  a 1-deg  square  of  ocean  area  located  approximately 
30  nmi  southeast  of  Bermuda. 

The  present  report  discusses  and  analyzes  the  acoustic 
data  obtained  during  USNS  SANDS'  Ocean  Acre  Cruise  14,  the 
last  of  the  series,  that  took  place  in  June  1972.  In 
addition,  these  data  are  compared  with  previously  reported 
Ocean  Acre  results.^'®  For  ease  of  interpretation,  the 
investigation  results  have  been  divided  into  four 
categories:  diurnal  variations,  daily  variability,  fre- 

quency dependence,  and  seasonal  dependence  of  volume  scat- 
tering strength.  Before  the  results  are  discussed  in  detail, 
the  experimental  procedure  and  theoretical  expressions  used 
in  calculating  volume  scattering  strengths  are  summarized. 
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EXPERIMENTAL  PROCEDURE 


The  data  acquisition  and  reduction  systems  employed 
during  the  Ocean  Acre  experiments  have  been  previously  des- 
cribed in  detail. 7 Generally,  the  data  were  obtained  with 
highly  directional,  downward-pointing  transducers  operating 
at  frequencies  of  3.85,  5.00,  7.00,  9.00,  13.50,  and 
15.50  kHz  with  5-msec  pulse  lengths. 

The  reverberation  signals  received  by  all  transducers 
were  envelope-detected,  ensemble-averaged  over  eight  con- 
secutive pings,  and  converted  to  scattering  strengths  as  a 
function  of  depth.  The  resulting  scattering-strength  pro- 
files were  also  integrated  over  depth  to  yield  "scattering 
strengths  of  the  water  column"  (column  strengths)  for 
comparison  with  the  data  of  earlier  investigations. 


THEORY 


Volume  scattering  strength  is  a quantity  that  ex- 
presses in  decibels  the  unit-volume  backscattering  coeffi- 
cient. Assumptions  forming  the  basis  for  the  model  of 
volume  reverberation  used  in  this  analysis  have  been 
described  previously. 8 

In  logarithmic  form,  the  equation  defining  the  scat- 
tering strength  as  a function  of  the  reverberation  voltage 
level  Vj^  due  to  a scattering  volume  located  at  range  r is 

10  20  log  Vj^  + 20  log  r - 20  log  Rr  - 20  log  - 10  log - 10  log  12,  ( 1 ) 

in  which 

Rr  is  the  receiving  voltage  response  of  the  constant-gain 
measurement  system; 

Pq  is  the  transmitted,  on-axis,  farfield,  rms  sound 

pressure  referred  to  a unit  distance  from  the  source; 
c is  the  sound  speed  in  water; 

T is  the  pulse  length; 

and  SI  is  the  solid  angle  at  the  source  subtended  by  the 
reverberating  volvime  or,  in  other  words,  the  opening  angle 
of  the  ideal  two-way  beam  pattern  having  uniform  response 
within  SI  and  none  beyond.  ^ 
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Figure  1.  Diurnal  Variations  of  Scattering 
Strength,  Ocean  Acre  Cruise  14 
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Scattering-strength  profiles  calculated  by  equation 
(1)  and  presented  below  were  obtained  for  an  ensemble 
average  of  returns  from  eight  consecutive  5-msec  pulses 
transmitted  with  constant  Pq  in  a period  of  approximately  1 
min.  Produced  on  a high-speed  printer,  the  graphs  are  com- 
posed of  a finite  data  point  for  every  25  ft  (7.6  m)  of  depth, 
each  representing  a 10-msec  time-average  value.  They  are 
corrected  for  noise  by  subtraction  of  the  mean  square  of 
the  ambient-noise  voltage  from  the  mean  square  reverberation- 
plus-noise  voltage. 

Integrated  or  column  scattering  strengths  were  gener- 
ated from  the  profiles  by  the  following  process: 


10  log 


r^2 

j -^^dz 

= 10  log 

Z AZ 

•'z,  47T 

1.  1 J 

i=l  4 7T 

(2) 


where  and  Z2  are  the  initial  and  final  limits  of  inte- 
gration over  depth  z.  For  the  cumulative  summation,  depth 
increments  of  (Az)  = (25/3)  yd,  equal  to  the  resolution  of 
the  profiles,  were  chosen,  and  results  are  presented  for 
selected  depths. 


RESULTS 


DIURNAL  VARIATIONS 

Typical  examples  of  scattering-strength  results  for 
stable,  nonmigratory  layer  configurations  both  at  midday  and 
in  the  middle  of  the  night  are  presented  in  figures  lA  and 
IB.  The  open  symbols  signify  daytime  values,  and  the  solid 
symbols  denote  nighttime  values. 

Concentrations  of  scatterers  resonant  at  13.50  and 
15.50  kHz  are  very  similar  for  both  day  and  night  measure- 
ments, especially  below  a depth  of  350  m where  the  main 
body  of  scatterers  is  located.  This  trend  had  also  been 
observed  at  these  frequencies  during  the  two  previous 
summers. 8 The  major  nighttime  peak  is  centered  at  a depth 
of  approximately  100  m,  with  a pronounced  drop-off  toward 
shallower  depth,  indicating  the  absence  of  scattering  con- 
tributions from  immediately  below  the  surface.  The  daytime 
profile  in  the  upper  330  m is  10  to  15  dB  below  the  night- 
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time  profile.  However,  from  120  to  330  m,  the  signal  was 
below  the  measurement  threshold  of  the  data  acquisition 
system,  and  the  scattering  strength  was  at  least  as  low  as 
-100  dB.  No  results  are  plotted  above  40  m because  trans- 
ducer ringing  contaminated  that  portion  of  the  data. 
Reverberation  signal  levels  during  the  daytime  at  all  of 
the  lower  frequencies  were  also  below  measurement  threshold, 
thus  making  a diurnal  comparison  at  these  frequencies 
impossible . 

To  the  right  of  the  profiles  in  figure  1,  a cumulative 
summation  of  scattering  strength  over  depth  is  displayed  in 
100-m  increments,  showing  a maximum  day-night  difference  of 
12  to  15  dB  for  both  data  sets  to  a depth  of  300  m.  Below 
this  depth  the  day  and  night  column  strengths  converge  to 
within  3 or  4 dB  of  each  other  in  the  vicinity  of  650  m. 
These  deepest  values  correspond  to  the  scattering  strength 
of  the  water  column  usually  reported  in  the  literature  as 
the  result  of  measurements  performed  with  explosive  sound 
sources.  The  rather  close  agreement  between  daytime  and 
nighttime  total  column  strengths  is  evidence  that  this 
latter  form  of  result  is  not  a true  indication  of  the  large 
diurnal  variations  caused  by  the  vertical  migration  of 
scatterers. 


DAILY  VARIABILITY 

Figures  2A,  2B,  and  2C  indicate  the  variability  of 
scattering  strength  observed  at  the  Ocean  Acre  site  during 
a period  of  five  days.  Results  derived  from  nighttime 
measurements  are  shown  for  3.85,  7.00,  and  15.50  kHz.  Five 
sets  of  data  are  available  at  3.85  kHz  and  four  each  at  the 
other  frequencies.  Results  for  5.00  and  9.00  kHz  were 
similar  to  these. 

A notable  similarity  among  the  groups  of  profiles  is 
that  variations  as  large  as  10  dB  occur  for  each  of  the 
frequencies  over  most  of  the  water  column.  On  the  whole, 
major  features  in  the  shapes  of  the  profiles,  such  as  the 
peak  in  the  depth  interval  from  50  to  100  m and  the  decline 
in  values  below  that  depth  toward  a depth  of  250  m,  are  also 
common  in  each  set  as  well  as  among  the  various  sets. 

Even  though  the  profile  values  may  vary  at  any  given 
depth  by  as  much  as  an  order  of  magnitude  regardless  of  the 
frequency,  the  associated  total-column  strengths  exhibit  a 
certain  trend.  Maximum  daily  variations  of  6 dB  are  found 
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at  3.85  kHz.  At  7.00  kHz  the  largest  daily  change  amounts 
to  approximately  4 dB.  At  15.50  kHz  the  integrated 
scattering  strengths  at  600  m differ  by  no  more  than  1 dB. 
Thus,  it  is  apparent  that  the  scattering  strength  of  the 
water  column  is  a less  variable  quantity  at  the  higher  fre- 
quencies when  compared  on  a daily  basis.  Therefore,  the 
conclusion  reached  in  previous  studies®  that  variability  in 
the  profiles  too  was  smaller  at  the  higher  frequencies  has 
to  be  revised.  In  the  present  data,  an  order-of-magnitude 
variation  in  the  profiles  is  noted  across  the  whole  fre- 
quency range  in  a matter  of  only  a few  days. 


An  important  point  is  that  a single  value  of  scatter- 
ing strength,  such  as  the  integrated  scattering  strength  of 
the  water  column,  is  simply  not  an  adequate  description  of 
the  volume  reverberation  conditions  in  a specific  location 
on  a short-term  basis.  A more  valid  description  is  given  by 
the  scattering-strength  profile,  but  it  should  be  remembered 
that  at  any  fixed  depth,  daily  variations  in  scattering 
strength  are  generally  larger  than  the  fluctuations  associ- 
ated with  small  changes  in  depth,  i.e.,  those  from  one 
data  point  to  the  next.  This  phenomenon  is  obviously  the 
result  of  the  dynamic  nature  of  the  SSL  and  should  not  be 
overlooked  in  applications  to  acoustic  modeling  of,  for 
example,  convergence- zone  propagation  loss. 


FREQUENCY  DEPENDENCE 

In  figures  3A  through  3F,  nighttime  scattering 
strengths  are  shown  for  comparison  at  six  frequencies.  Each 
graph  consists  of  two  profiles  and  their  associated  cumula- 
tive column  strengths.  For  diversity,  profiles  with  the 
highest  and  lowest  total-column  strength  have  been  selected 
from  among  those  night  periods  for  which  complete  frequency 
coverage  existed. 

Regardless  of  frequency,  nighttime  scattering  peaks 
are  situated  within  120  m of  the  ocean  surface.  The  magni- 
tude of  these  peaks  varies  by  12  dB  from  -64  for  the  lower 
peak  at  3.85  kHz  to  -52  dB  for  the  higher  peak  at  9.00  kHz. 
In  the  depth  interval  from  120  to  250  m,  there  is  a gradual 
decrease  in  scattering-strength  values.  In  support  of 
earlier  measurements  at  the  Ocean  Acre  site,  this  decrease 
below  the  shallow  peak  is  most  pronounced  at  3.85  kHz, 
reaching  levels  below  those  of  any  of  the  other  profiles. 

The  profile  shapes  for  the  intermediate  frequencies  of  5.00, 
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Figure  3A  through  F.  Frequency  Comparison  of  Nighttime 
Scattering  Strengths  at  the  Ocean  Acre  Site 
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VOLUME  tCATTERINO  ETRENOTH/INTEORATED  SCATTERING  STRENGTH  (dB) 
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Figure  3F. 
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7.00,  and  9.00  kHz  are  similar  to  one  another,  with  no  addi- 
tional SSL  of  significant  magnitude  occurring  below  the 
strong  near-surface  layer.  Despite  the  lack  of  data  below 
350  m at  7.00  and  9.00  kHz,  it  is  assumed,  on  the  basis  of 
*'the  5.00-kHz  profile,  that  no  additional  scattering-strength 
peaks  exist  below  350  m at  these  intermediate  frequencies 
either.  In  contrast,  the  profiles  at  13.50  and  15.50  kHz 
are  characterized  by  a comparatively  thick  shallow  layer 
above  120  m,  a region  of  lesser  scattering  from  120  to  250  m 
(the  limits  of  this  region  roughly  correspond  to  those  of 
the  unmeasurable  low  daytime  minimum  observed  at  these  fre- 
quencies and  displayed  in  figures  lA  and  IB) , and  one  or  two 
heavy  aggregations  of  scatterers  extending  to  a depth  of  at 
least  550  m. 

The  maximum  difference  observed  in  total-column 
strengths  at  13.50  and  15.50  kHz  was  as  little  as  1 dB,  and, 
in  conformity  with  the  similarities  in  profile  shapes, 
agreement  between  the  two  sets  of  results  was  within  2 dB. 

On  the  other  hand,  a maximum  variation  of  4 dB  within  any 
of  the  data  sets  at  the  intermediate  frequencies  caused 
differences  in  total-column  strength  as  large  as  11  dB  among 
these  sets.  The  smallest  total-column  strength,  -48.5  dB, 
was  determined  at  3.85  kHz;  the  highest  value  was  -35.3  dB 
at  9.00  kHz. 

Another  way  of  representing  the  relative  spread  of 
nighttime  scattering-strength  values  at  the  six  frequencies 
investigated  is  illustrated  in  figure  4,  which  shows  all 
the  available  total-column  scattering  strengths  for  Cruise 
14  and  also  Cruise  12  for  comparison,  plotted  as  a function 
of  frequency.  Results  obtained  during  any  particular  period 
of  darkness  in  the  course  of  the  5-day  measurement  pro- 
gram in  June  1972  are  designated  by  identical  open  symbols. 
The  solid  symbols  pertain  to  the  measurements  of  Cruise  12 
in  August  1971.  Instead  of  the  familiar  low-  and  high- 
frequency  resonances  observed  during  the  preceding  late- 
summer  measurements,  one  finds  a single  broad  resonance 
centered  about  9.00  kHz  for  the  early  summer  period.  It  is 
not  unlikely  that  seasonal  changes  in  the  biological  compo- 
sition and  density  of  the  SSL  are  responsible  for  this 
change  in  spectrum  levels  at  this  location. 

When  comparing  the  shapes  of  the  spectra  for  Cruise  14 
among  themselves,  one  cannot  help  but  notice  the  shift  in 
distribution  producing  the  relatively  flat  spectrum  that 
resulted  from  data  recorded  for  the  nights  of  9 and  10 
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June  1972.  Contributions  at  9.00  and  7.00  kHz  have  been 
diminished,  whereas  the  values  at  5.00  and  3.85  kHz  have 
been  raised  accordingly.  Since  dramatic  changes  in  physical 
growth  of  the  scatterers  could  not  have  occurred  in  such  a 
short  time  interval  to  effect  a shift  in  resonance  of  such 
magnitude,  it  is  more  probable  that  a vertical  rearrangement 
of  the  scattering  population  within  the  water  column  took 
place  on  that  date.  Figures  3A  through  3D  confirm  this 
hypothesis  by  showing  a reversal  in  the  relative  magnitudes 
of  the  scattering-strength  peaks  for  the  uppermost  100-m 
water  region.  Unfortunately,  results  from  concomitant 
biological  sampling  of  the  SSL  were  too  sparse  to 
corroborate  this  hypothesis. 


SEASONAL  VARIATIONS 

Seasonal  variations  in  nighttime  volume  reverberation 
are  shown  in  figure  5.  Typical  results  at  15.50  kHz  from 

five  cruises,  including  the  present  one,  are  illustrated  in  i 

part  A of  this  figure  for  two  successive  spring  and  three  j 

successive  summer  periods.  Similarly,  part  B exhibits  ] 

results  at  3.85  kHz  from  the  same  three  summer  periods  but 
from  only  one  spring  period  because  of  lack  of  other  earlier 

data.  • 

For  the  moment,  let  us  ignore  the  June  1972  data 
(solid  symbols)  and  compare  the  open-symbol  profiles  of 
figure  5A  in  the  depth  interval  from  150  to  400  m with  those 
of  figure  5B  in  the  depth  interval  from  40  to  150  m.  It 
may  be  concluded  that  the  decrease  in  scattering  at 
15.50  kHz  from  spring  to  summer  might  have  been  responsible 
for  the  observed  increase  in  low-frequency  scattering  in 
the  uppermost  150  m.  This  phenomenon  could  be  linked  to 
the  growth  progress  of  certain  important  species  of 
scatterers. 

Alternatively,  one  may  visualize  this  seasonal  shift 
in  frequency  response  by  reference  to  the  open-symbol  plots 
of  column  strength.  These  also  demonstrate  this  inverse 
relationship  between  high-  and  low-frequency  contributions 
at  least  between  spring  and  early  summer  periods. 

If  one  now  includes  the  data  from  the  1972  study 
(solid  symbols)  in  this  comparison,  one  finds  this  trend 
upset  by  the  fact  that,  above  150  m,  the  15.50-kHz  data  are 
of  the  highest  levels  yet  measured  and  the  associated 
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column  strengths  are  also  largest,  whereas  at  3.85  kHz 
both  the  profile  and  the  column  strength  are  by  far  more 
reminiscent  of  those  for  late  summer  1971  than  for  June  1970. 
Although,  as  a result  of  this  acoustic  observation,  one 
may  be  tempted  to  surmise  that  the  physical  development 
of  the  scattering  population  had  not  progressed  as  far  by 
early  June  1972  as  it  had  by  the  same  time  two  years  before, 
such  an  idea  cannot  be  reconciled  with  the  concurrently 
obtained  biological  data.  The  number  of  fish  caught  in 
the  upper  150  m in  June  1972  was  twice  as  great  as  that 
netted  in  June  1970,  and  their  average  swimbladder  volumes 
were  almost  the  same  size  in  both  years. 


On  the  basis  of  the  foregoing  observations,  which 
were  reached  by  visual  examination  of  the  high-  and  low- 
frequency  profiles  and  accompanying  column  strengths,  it 
may  still  be  asserted  that  seasonal  differences  in  scat- 
tering strength  do  occur  at  the  Ocean  Acre  site  and  that 
there  is  an  increase  in  low-frequency  scattering  from 
spring  to  summer.  However,  no  consistent  rate  can  be 
established  for  this  trend  to  allow  reasonably  accurate 
predictions  to  be  made.  In  terms  of  total-column-strength 
values,  this  seasonal  increase  varies  between  3 and  8 dB 
for  the  3.85-kHz  case. 


In  view  of  the  large  day-to-day  fluctuations  found 
throughout  the  water  column  and  described  above  in  the 
discussion  of  figure  2,  it  was  considered  of  interest  to 
subject  the  data  to  some  statistical  analyses  in  order  to 
test  whether  these  variations  were  due  to  the  profiles 
being  significantly  different  and  whether  the  "seasonal" 
profiles  were,  in  turn,  significantly  different  from  the 
"daily"  ones.  The  3.85-kHz  and  15.50-kHz  data  sets  were 
treated  separately. 

For  the  analysis  at  3.85  kHz,  the  topmost  twenty- 
seven  scattering-strength  values  occurring  between  40  and 
240  m were  chosen  from  each  of  the  five  profiles  depicted 
in  figure  2A.  From  a two-way  analysis  of  variance,  it  was 
determined  that  the  five  profiles  from  the  Cruise  14 
study  are,  in  themselves,  significantly  different  (with 
99.90%  probability)  in  the  sense  that  they  are  not 
descriptions  of  a single  distribution  of  scatterers. 
Furthermore,  to  test  for  equivalence  of  distributions, 
the  H Rank-Sum  test 10  was  employed  with  the  supporting 
result  that  the  five  profile  distributions  could  have  come 
from  the  same  distribution  only  17%  of  the  time  because  of 
chance  alone. 
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Likewise,  the  four  "seasonal”  profiles  of  figure  SB 
were  tested  as  a set  in  the  above  manner,  yielding  signifi- 
cant differences  at  the  0.00013  and  0.015  levels,  respec- 
tively. 

Finally,  in  a comparison  of  seasonal  and  daily  vari- 
ances, it  was  established  that,  because  the  former  exceeded 
the  latter  greatly  (18  to  1) , the  variations  in  the  scat- 
tering-strength profiles  described  above  as  seasonal  in 
nature  on  the  basis  of  inspection  were  indeed  seasonal  (or 
even  annual)  an(i  not  merely  daily  characteristics  when 
examined  statistically. 

The  analysis  of  mean  squares  was  also  carried  out  on 
the  15.50-kHz  day-to-day  results  of  figure  2C  and  the 
seasonal  data  of  figure  5A.  In  this  case,  the  profiles 
were  each  represented  by  sixty-eight  data  points  with  a 
depth  extent  of  550  m.  Although  significant  differences 
were  found  for  both  the  daily  and  seasonal  data  sets,  the 
ratio  of  the  mean  square  of  the  cruise-to-cruise  results  to 
the  mean  square  of  the  day-to-day  results  indicated  a sig- 
nificance level  of  0.18.  Thus,  one  cannot  be  as  con- 
fident that  the  spread  of  season  means  is  greater  than  that 
of  daily  means  at  15.50  kHz,  although  the  indication  is, 
nevertheless,  in  that  direction. 


SUMMARY  AND  CONCLUSIONS 


The  acoustical  results  of  the  final  Ocean  Acre  ex- 
periment performed  during  Cruise  14  from  5 to  10  June  1972 
have  been  presented  and  discussed  from  the  standpoint  of 
diurnal  variations,  daily  variability,  frequency  character- 
istics, and  seasonal  trends.  The  significant  features 
observed  in  both  the  scattering-strength  profiles  and  as- 
sociated integrated  scattering  strengths  at  3.85,  5.00, 

7.00,  9.00,  13.50,  and  15.50  kHz  apply  to  stable,  non- 
migratory  SSL  configurations. 

Comparisons  of  day  and  night  profiles  at  13.50  and 
15.50  kHz  indicate  that  the  main  body  of  scatterers  resonant 
at  these  frequencies  was  located  in  the  350-  to  550-m 
depth  interval  by  day  and  in  the  40-  to  120-m  depth  interval 
by  night.  Daytime  scattering-strength  levels  between  120 
and  330  m were  -100  dB  (or  lower) , thereby  causing  an  aver- 
age day-night  increase  of  25  to  35  dB  in  this  depth  range. 
Otherwise,  the  largest  diurnal  differences  in  scattering 
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levels  occurred  above  120  m where  they  amounted  to  between 
10  and  15  dB.  Day-night  differences  of  12  to  15  dB  in  the 
integrated  scattering  strengths  were  observed  down  to 
300  m;  but  the  total-column  strengths  for  the  daytime 
approached  the  nighttime  values  to  within  3 or  4 dB.  Be- 
cause of  these  small  differences,  total-column  strengths  are 
regarded  as  inadequate  descriptions  of  the  large  diurnal 
variations  in  reverberation  levels  attending  the  vertical 
migration  of  scatterers.  Diurnal  variations  at  the  other 
frequencies  could  not  be  presented  because  daytime  levels  at 
these  frequencies  were  below  measurement  threshold. 

Night- to-night  variability  of  scattering  strengths 
during  the  five-day  measurement  period  was  as  large  as 
10  dB  for  all  of  the  frequencies  over  most  of  the  water 
column.  This  result  is  new  in  that  variations  of  such 
magnitude  had  not  been  observed  previously  at  13.50  and 

15.50  kHz. 

Regardless  of  frequency,  nighttime  scattering-strength 
peaks  were  within  120  m of  the  surface.  From  120  m to 
250  m,  a gradual  decrease  in  level  occurred  at  all  of  the 
frequencies  but  was  most  pronounced  at  3.85  kHz.  Only  at 

13.50  and  15.50  kHz,  with  profiles  very  similar,  were  there 
any  noteworthy  additional  scattering  contributions  between 
250  and  550  m.  The  spectra  of  total-column  scattering 
strengths  exhibited  broad  resonance  peaks  around  9.00  kHz, 
unlike  the  separate  resonances  at  low  and  high  frequencies 
observed  in  earlier  studies. 8 it  is  proposed  that,  when 
the  shape  of  the  spectrum  changed  from  night  to  night,  a 
change  in  the  distribution  of  the  scattering  population 
within  the  water  column  became  discernable  (figure  4) . 

Inclusion  of  the  latest  Ocean  Acre  results  (Acre  14) 
in  a seasonal  comparison  did  not  considerably  affect  earlier 
conclusions  that  an  increase  in  both  the  near-surface  peak 
of  the  3.85-kHz  profile  and  the  integrated  column  strength 
occurred  from  spring  to  summer.  However,  at  almost 
identical  times  in  early  summer  separated  by  two  years, 
total-column  strengths  were  obtained  that  differed  by 
6 dB.  If  the  15.50-kHz  results  are  contemplated  in  con- 
junction with  the  trend  in  the  3.85-kHz  data,  differing 
annual  rates  in  the  physical  growth  progress  of  the  resonant 
scatterers  might  be  considered  as  responsible  for  this 
phenomenon.  Statistical  tests  of  means  and  equivalence  of 
distributions  were  employed  to  support  the  argument  that 
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variations  in  the  cruise-to-cruise  profiles  were  signifi- 
cantly greater  than  those  in  the  day-to-day  profiles  of  the 
last  cruise  so  that  cruise-to-cruise  differences  could 
be  considered  seasonal  in  nature.  A high  level  of  con- 
fidence was  calculated  for  the  3.85-kHz  data,  whereas  the 
15.50-kHz  case  was  less  convincing. 


TR  5365 


I 

I 


[ 

[ 


REFERENCES 

G.  B.  Farquhar,  ed. , Proceedings  of  an  International 
Symposium  on  Biological  Sound  Scattering  in  the  Ocean, 
Maury  Center  for  Ocean  Science  Report  005,  1970  (an 
excellent  summary  of  recent  biological  sound-scattering 
studies) . 

2.  R.  P.  Chapman,  O.  Z.  Bluy,  R.  H.  Adlington,  and  A.  E. 
Robison,  "Deep  Scattering  Layer  Spectra  in  the  Atlantic 
and  Pacific  Oceans  and  Adjacent  Seas,"  Journal  of  the 
Acoustical  Society  of  America,  vol.  56,  no.  6, 

December  1974,  pp.  1722-1734. 

3.  R.  J.  Vent,  "Acoustic  Volume-Scattering  Measurements  at 
3.5,  5.0,  and  12.0  kHz  in  the  Eastern  Pacific  Ocean; 
Diurnal  and  Seasonal  Variations,"  Journal  of  the 
Acoustical  Society  of  America,  vol.  52,  no.  1 (Part  2), 
1972,  pp.  373-382. 

4.  W.  E.  Batzler,  J.  W.  Reese,  and  W.  A.  Friedl,  Acoustic 

Volume  Scattering:  Its  Dependence  on  Frequency  and 

Biological  Scatterers,  NUC  TP  442,  February  1975. 

5.  Ocean  Acre , NUSL  Publication  1107,  2 April  1970. 

6.  C.  L.  Brown  and  A.  L.  Brooks,  A Summary  Report  of 
Progress  in  the  Ocean  Acre  Program,  NUSC  Technical 
Report  4643,  30  January  1974. 

7.  R.  K.  Dullea,  Acoustical  Investigation  of  the  Deep 
Scattering  Layers  at  the  Bermuda  Ocean  Acre  Site  in 
April  and  November  1969,  NUSC  Report  NL-303S, 

10  December  1970. 

8.  N.  P.  Fisch  and  R.  K.  Dullea,  Acoustic  Volume 
Scattering  at  the  Bermuda  Ocean  Acre  Site  During  Spring 
and  Summer  1970  and  Summer  1971  (Cruises  9,  10,  12), 
NUSC  Technical  Report  4469,  30  April  1973. 

9.  R.  J.  Urick,  Principles  of  Underwater  Sound  for 
Engineers,  McGraw-Hill  Book  Company,  New  York,  1967, 
pp!  192-193. 

10.  W.  J.  Dixon  and  F.  J.  Massey,  Introduction  to 

Statistical  Analysis,  McGraw-Hill  Book  Company , New 
York,  1957,  p.  290 . 


25/26 
Reverse  Blank 


1 


I 


4 


TR  5365 


INITIAL  DISTRIBUTION  LIST 


Addressee 


No.  of  Copies 


COMSECONDFLT 

COMCRUDESLANT 

COMNAVSURFLANT 

COMNAVSURPAC 

COMSUBLANT 

COMTRALANT 

C0MCRUDESGRU2/DESDEVGRU 

COKWLONTEVDET 

COMFLETRAGRU  CHASN 

COMFLETRAGRU  NORVA 

COMSUBDEVGRUONE 

COMSUBDEVGRUTWO 

ASN  (R§D) 

ONR,  Code  102-0S,  412-8,  412-3,  480,  481,  484,  485 

CNO,  OP-02,-095,  -201,  -35,  -39,  -901,  -952,  -953,  -96,  -981 

CNM,  MAT-03,  -03L,  ASW-14,  -22,  -23 

NAVSHIPRANDCEN,  ANNA 

NAVSHIPRANDCEN,  CARD 

NRL,  Underwater  Sound  Reference  Division 

SUBASE  LANT 

NAVSUBSUPFACNLON 

OCEANAV 

NAVOCEANO,  Code  02,  3000,  3400,  7200,  9200,  9320 
NAVELEX,  Code  03,  051,  PME-124 

NAVSEA,  SEA-03C,  -031,  -032,  -034,  -0552,  -06G,  -06H, 

-06H1-1,  06H1-2,  -06H1-3,  -06H1-4,  -06H2,  -06H3,  -660C, 
-660F,  -661C,  -934,  PMS-402,  09G3 
NAVAIRDEVCEN 
NAVCOASTSYSLAB 
NELC 
NUC 

LANTFLEASWTACSCOL 

FLTASWSCOL 

FLESONARSCOL 

NAVSUBSCOL 

NAVPGSCOL 

NAVWARCOL 

NETC 

NAVDESCOL 
APL/UW,  SEATTLE 
ARL/PENN  STATE,  STATE  COLLEGE 
DDC,  ALEXANDRIA 


TR  5365 


INITIAL  DISTRIBUTION  LIST  (Cont'd) 

No.  of  Copies 


MARINE  PHYSICAL  LAB,  SCRIPPS  1 
NOAA/ERL  1 
COMMITTEE  UNDERSEA  WARFARE  1 
WOODS  HOLE  OCEANOGRAPHIC  INSTITUTION  (Dr.  R.  Backus)  2 
SMITHSONIAN  INST.  Wash.,  D.C.,  (R.  H.  Gibbs,  Dr.  Clyde, 

F.  E.  Roper)  3 
University  of  Rhode  Island,  Kingston  (Dr.  W.  Krueger)  2 
DRE,  Canada  (Dr.  W.  Chapman)  1 
Director,  SACLANT  ASW  Research  Centre,  La  Spezia,  Italy  1 


